Abstract. The present study aimed to investigate the possible mechanisms underlying the effect of modified Xiaochaihu decoction (mXCHD) in the treatment of chronic hepatitis B (CHB). Patients with CHB, in addition to liver stagnation and spleen deficiency syndrome were randomly assigned to receive either Chinese (mXCHD) or western (entecavir) treatment, with 30 cases in each group. Serum was collected following treatment with mXCHD or entecavir for 7 days. A healthy group of 30 individuals was also included. HepG2.2.15 cells were cultured in vitro and randomly divided into four groups: Healthy; entecavir-treated; 10% mXCHD-treated; and 20% mXCHD-treated. The HepG2.2.15 cells in the four groups were treated with either serum from the healthy volunteers, entecavir-containing serum, or mXCHD-containing serum at different concentrations (10 or 20%, respectively). Following treatment with the corresponding serum, cell proliferation was examined using an MTT assay, and the expression of hepatitis B surface antigen (HBsAg) in the cell supernatant was detected using an enzyme-linked immunosorbent assay. The mRNA and protein expression levels of Janus kinase (JAK)2 and signal transducer and activator of transcription (STAT)3 were measured using reverse transcription-quantitative polymerase chain reaction and western blot analyses, respectively. The results indicated that the most effective treatment for the promotion of HepG2.2.15 cell proliferation was a 20% concentration of mXCHD serum. The expression of HBsAg was significantly decreased in the groups treated with 10 and 20% mXCHD 48 h following intervention (P<0.01). The mRNA and protein expression levels of STAT3 in the 20% mXCHD serum group were significantly increased, compared with those in the healthy group (P<0.01 and P<0.05, respectively), whereas no significant difference was observed in the expression of JAK2 among the four groups. These results indicated that mXCHD suppressed the hepatitis B virus, and treatment of the cells with mXCHD-containing serum promoted HepG2.2.15 cell proliferation via modulating the expression of STAT3, which may contribute to the clinical efficacy of mXCHD against CHB.
Introduction
Hepatitis B is the most common serious liver infection worldwide. Chronic hepatitis B (CHB) is a major public health concern, affecting ~240,000,000 individuals with chronically infection, and leading to ~650,000 individuals each year succumbing to CHB-associated mortality worldwide (1) . The major complications of CHB are cirrhosis and hepatocellular carcinoma (HCC) (2, 3) . Antiviral agents with activity against hepatitis B virus (HBV) are available. CHB can be treated with drugs, including interferons, and antiviral agents, including nucleos(t)ide analogue (NA), which have been shown to suppress HBV replication, prevent its progression to cirrhosis, and reduce the risk of HCC (4). However, current available treatment methods fail to eradicate the virus in the majority of those treated. In addition, long-term NA therapy does not guarantee protection against the development of HCC or CBH-associated mortality in patients with cirrhosis (5) .
Traditional Chinese medicine (TCM) is widely used in China and is becoming increasingly prevalent in Europe and America. Since ~1950, the scientific evaluation of herbs used for the treatment of viral hepatitis has been undertaken in China, including clinical investigations of complex formulas and isolated components, isolation of active constituents, and assessment of crude herb extracts and purified components in laboratory animals. Several complex formulas and crude materials used in Chinese medicines have been shown to have measurable activity against viral hepatitis, including Xiaochaihu decoction (XCHD) (6) (7) (8) .
XCHD, a TCM clinical prescription, has advanced the treatment of hepatobiliary diseases in China (9, 10) . Modified XCHD (mXCHD) has been used to treat CHB and has shown clinical efficacy (11, 12) . XCHD is supplemented with Phyllanthus urinaria (YeXiaZhu in Chinese), Largehead atractylodes rhizome (BaiZhu in Chinese), Poria cocos (FuLing in Chinese), white peony root (BaiShao in Chinese) and Fructus Schisandrae (WuWeiZi in Chinese) to produce mXCHD.
In clinical trials performed in China during the last 20 years, the standards of effectiveness have usually comprised a reduction in the serum levels of alanine transaminase (ALT) and aspartate transaminase (AST) liver enzymes and HBV DNA, and seroconversion from hepatitis B surface antigen (HBsAg) + or hepatitis B e antigen (HBeAg + to HBsAg -and HBeAg -, in addition to various measures of symptom reduction. The actions of XCHD may be subdivided into two categories: Hepatoprotective and antiviral (13) (14) (15) (16) (17) (18) .
To further elucidate the possible molecular mechanism underlying the effect of mXCHD in the treatment of CHB, a serum pharmacological method was used in the present study to investigate the effects of mXCHD on the proliferation of HepG2.2.15 cells, and on factors associated with the Janus kinase (JAK)2/signal transducer and activator of transcription (STAT)3 signaling pathway in vitro. Meets the diagnostic criteria of CHB; provision of a signed informed consent form; age range between 18 and 60 years old. The exclusion criteria were as follows: Cases of CHB combined with another hepatitis virus; cases of chronic severe hepatitis and cirrhosis; pregnant or lactating women; and individuals unable to express their feelings clearly.
Materials and methods

Materials
The standards of the liver stagnation and spleen deficiency syndrome (LSSDS) for the use of TCMs in CHB were as defined in the TCM syndrome differentiation standards of viral hepatitis (Trial) (20) issued by the Internal Medicine Department Committee of Liver Disease of the Traditional Chinese Medicine Association. The major features include distending pain of the lateral thorax, and abdominal distension and loose stools. The minor features include chest distress and depression, lassitude and fatigue, and a pink and tooth-marked tongue. The inclusion criteria for LSSDS were as follows: Cases with all major features; cases with the major feature of chest distress and depression, and the minor features of lassitude and fatigue, and a pink and tooth-marked tongue; and cases with the major feature of abdominal distension and loose stools, and the minor feature of chest distress and depression.
Ethics and consent. The study protocol conformed to the Helsinki Declaration (21) and the research regulations for Chinese clinical trials. The Ethics Committee of Fujian University of Traditional Chinese Medicine reviewed and approved the study protocol, and all participants signed informed consent prior to participation in the study. Patients with CHB, who met the LSSDS diagnostic criteria and were enrolled. All patients were randomly divided into the mXCHD group and the western medicine group, with 30 patients in each group.
Preparation of drugs.
The components of XCHD and mXCHD are listed in Table I . The Chinese herbs were processed into formula granules at Beijing Tcmages Pharmaceutical Co., Ltd. (Beijing, China). The production procedure was as follows: Selection of the genuine regional drug; implementation of modern pharmaceutical technology; use of Chinese herbal fragments as raw materials according to traditional processing methods; preparation of the granular formulation following single-herb extraction; concentration and drying with the decoction as a standard. As presented in Table II , the quality of the granules met the Codex standard for enterprise internal control standards (22) .
Preparation of mXCHD-containing serum. The participants in the mXCHD group were treated with mXCHD (Table I ) twice a day, using one bag (10 g) each time, 30 min following breakfast and dinner. The patients in the western medicine group were treated with 0.5 mg of entecavir orally as a dispersible tablet (Chiatai Tianqing Pharmaceutical Group, Lianyungang, China; cat. no. 141226201) daily. After 7 days, venous blood was obtained from all individuals. An additiona l30 healthy volunteers donated their venous blood for the study as a control. The sera were separated by centrifugation at 1,006 x g at room temperature for 5 min and stored at -80˚C.
Cell culture. The HepG2.2.15 human hepatoma cell line stably transfected with the HBV genome was obtained from the China Center for Type Culture Collection (Wuhan, China). The cells were maintained in MEM supplemented with 10% (vol/vol) FBS (Thermo Fisher Scientific, Inc.), 1 µmol/ml sodium pyruvate (Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 µg/ml streptomycin (Thermo Fisher Scientific, Inc.), adjusted to pH 7-7.2 with 7.5% sodium bicarbonate. A humidified incubator with 5% CO 2 was used to maintain the cells at 37˚C.
Cell treatment and grouping. The HepG2.2.15 cells were randomly divided into the following four groups: Healthy group, entecavir group, 10% mXCHD group and 20% mXCHD group. The cells of the first three groups were maintained in 10% (vol/vol) serum, respectively. The cells of the fourth group were maintained in 20% (vol/vol) mXCHD-containing serum. Following treatment with the appropriate serum, cell proliferation was detected using an MTT assay. The mRNA and protein levels of JAK2 and STAT3 were measured using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and western blot analyses, respectively.
Determination of HepG2.2.15 cell viability using an MTT
assay. The HepG2.2.15 cell suspension was inoculated into a 96-well plate at a density of 4.0x10 4 cells/ml in 0.1 ml of medium. The cells were divided into the four groups: Healthy group; entecavir-treated group; 10% mXCHD-treated group; 20% mXCHD-treatedgroup. As described above, each group was treated with the indicated human serum. The cells in each group were treated for 48 and 144 h at 37˚C. At the end of the treatment, 20 µl of 5 mg/ml MTT was added to each well, and the samples were incubated for an additional 4 h at 37˚C. The purple/blue MTT formazan precipitate was dissolved in 100 µl of dimethylsulfoxide (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) in each well, and the optical density value of each well was measured at 490 nm wavelength using an ELISA plate reader (EXL800; BioTek Instruments, Inc., Winooski, VT, USA).
RT-qPCR analysis. The HepG2.2.15 cells were cultured in a 6-well culture plate (Costar) at a density of 4.0x10 4 cells/ml in 2 ml of medium. The grouping of cells was as previously described (healthy, entecavir-treated, 10% mXCHD-treated, and 20% mXCHD-treated). Each group was treated with human serum. Following treatment with the appropriate serum for 48 h, the cells in each group were washed with PBS, and the total RNA was isolated using Total RNA Extraction reagent (Vazyme Biotech Co., Ltd.). cDNA was synthesized from 1.5 µg of the total RNA using a cDNA synthesis kit To confirm the amplification specificity, each qPCR product was evaluated by melting curve analysis. The reaction was performed using an Applied Biosystems 7500 FastReal-Time PCR system (Thermo Fisher Scientific, Inc.). The relative expression of the mRNA was calculated using the 2 -ΔΔCq method (23). β-actin mRNA was used as an internal standard, and each result was normalized to the level of β-actin. The sequences of the primers used in the present study are presented in Table III .
Western blot analysis. Following treatment with the medicated serum for 48 h, the HepG2.2.15 cells were lysed with RIPA lysis buffer containing protease and phosphatase inhibitor cocktails (Vazyme Biotech Co., Ltd.). Following centrifugation at 13,000 x g for 15 min at 4˚C, the supernatants were collected and the total protein content was quantified using a bicinchoninic acid protein assay. Proteins (30 µg per well) were separated by 8% SDS-PAGE, under the following conditions: 25 V for 10 min, 80 V for 30 min and 120 V for 70 min. Following electrophoresis, the proteins were transferred onto polyvinylidine fluoride membranes (EMD Millipore, Billerica, MA, USA) in 1-Step™ transfer buffer (Thermo Fisher Scientific Inc.) using a semidry blotting system. The membranes were blocked for 2 h with western blot blocking buffer (Beyotime Institute of Biotechnology, Shanghai, China). The membranes were then exposed to the primary antibodies against JAK2 (1:2,000; cat. no. 17670-1-AP; ProteinTech Group, Inc.) and STAT3 (1:1,000; cat. no. 60199-1-lg; ProteinTech Group, Inc) overnight at 4˚C. β-actin (1:1,000; cat. no. 60008-1-lg; ProteinTech Group, Inc) was used as an internal control for protein loading. The membranes were then washed in TBST and incubated with secondary HRP-conjugated antibodies (Vazyme Biotech Co. Ltd; cat. no. SA00001-2) at a 1:5,000 dilution for 1 h at room temperature, and the membranes were washed again in TBST. Finally, the antibody-bound protein bands were detected using enhanced chemiluminescence, and images were captured using a ChemiDoc XRS + system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The greyscale value ratio of the target protein to the internal control was used to measure the relative concentrations of JAK2 and STAT3.
Enzyme-linked immunosorbent assay (ELISA).
The cell culture supernatants in the four groups were collected immediately and at 48 h post-intervention, and were separated by centrifugation at 1,006 x g at room temperature for 3 min. The expression of HBsAg in the supernatant was detected using ELISA according to the manufacturer's protocol by determining the absorbance rate at 450 nm.
Statistical analysis.
The values are expressed as the mean ± standard deviation. Statistical analyses of the data were performed using a paired t-test and a one-way analysis of variance with SPSS, version 23.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of mXCHD serum on HepG2.2.15 cell viability.
As shown in Fig. 1, HepG2 .2.15 cell proliferation was significantly higher in the 20% mXCHD serum group in a time-dependent manner (P<0.01), compared with the healthy group and 10% mXCHD group. Fig. 2 , treatment with 10 and the 20% mXCHD serum led to decreases in the concentration of HBsAg in the supernatants of the HepG2.2.15 cells. The difference between the two time points, immediately following and 48 h following intervention was significant in the 10 and 20% mXCHD groups (P<0.01). These results suggested that mXCHD serum inhibited the expression of HBV. Fig. 3 , the mRNA expression levels of STAT3 were markedly higher in the 10 and 20% mXCHD groups, compared with those in the healthy group (P<0.05 and P<0.01), whereas no significant differences in JAK2 were observed in the four groups. In the 20% mXCHD group, the mRNA expression level of STAT3 was higher, compared with that in the entecavir group following treatment for 48 h (P<0.01). The mRNA expression level of STAT3 in the 20% mXCHD group was highest. These results suggested that mXCHD serum promoted the mRNA expression of STAT3. Fig. 4A and B, the protein expression levels of JAK2 and STAT3 were similar to their respective mRNA levels (Fig. 3) following treatment for 48 h. No significant differences were observed in the protein expression levels of JAK2 among the four groups. The protein expression level of STAT3 in the 20% mXCHD group was significantly higher, compared with that in the healthy group (P<0.05).
Effect of mXCHD serum on the concentration of HBsAg in the cell supernatant. As shown in
Effect of mXCHD serum on the mRNA expression levels of JAK2 and STAT3 in HepG2.2.15 cells. As shown in
Effect of mXCHD serum on the protein expression levels of JAK2 and STAT3 in HepG2.2.15 cells. As shown in
Discussion
CHB is a major disease, which affects millions of individuals. The immune response induced by HBV is the primary mechanism contributing to liver cell injury and inflammation. The aims of current treatment for CHB are to achieve the sustained suppression of HBV replication, remission of hepatic inflammation, necrosis and fibrosis, and prevention of cirrhosis and HCC. A clinical cure for CHB has always been the aim of clinicians, involving a sustained virological response, the disappearance of HBsAg, normalizing of ALT levels, and pathological improvements in liver histology (24) . Antiviral treatment has progressed in previous years, however, its application remains limited due to its high cost, prolonged therapy, frequent relapse following therapy cessation, and various side effects (25) . As investigations of traditional Chinese medicine have progressed, the identification of drugs and therapies from 
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TCMs with high efficiency, low toxicity and anti-HBV effects has been a focus of interest in medicine (26) .
XCHD, derived from the classic TCM described in the Treatise on Febrile Diseases (27) has shown positive effects in the treatment of CHB in China, and it is a classic treatment for promoting bile flow. Bupleurum root and Scutellaria root are the core paired-component of XCHD. These two herbs have notable effects against infection and have antipyretic effects. There are other herbs in XCHD, including, Pinellia ternate and ginger, which can regulate gastrointestinal function. In addition, ginseng, Ziziphi jujubae and liquorice root can improve immunity. Qin et al (6) reported that, according to the methods of a systematic review, XCHD appeared to be effective at improving liver function and in the clearance of serum HBV markers in patients with CHB. XCHD can regulate the immune response, improve suppression and clearance of viruses, and alleviate liver inflammation, and has an antifibrotic effects in the liver.
m XC H D c o nt a i n s C h i n e s e t h o r owa x r o o t, Scutellaria baicalensis, Pinellia ternate, ginger, ginseng, Ziziphi jujubae, liquorice root, Phyllanthus urinaria, Largehead atractylodes rhizome, Poria cocos, white peony root and Fructus schisandrae. Modern pharmacology indicates that Phyllanthus urinaria possesses significant anti-HBV and anticancer activities, in addition to hepatoprotective effects. It is used primarily for the treatment of HBV, and infection of the intestinal and urinary systems. Largehead atractylodes rhizome, Poria cocos, white peony root and Fructus schisandrae have hepatoprotective and antifibrotic effects (28) . In the present study, HepG2.2.15 cells were cultured with the sera of patients treated with mXCHD. Following treatment with the drug-containing serum for 48 h, the cell viability, level of HBsAg, and expression levels of JAK2 and STAT3 of the JAK/STAT signaling pathway were detected.
Serum pharmacology is a novel method used to investigate traditional Chinese herbs. This technique overcomes the various disadvantages of applying drugs directly to cells. Following the oral administration of traditional Chinese herbs, various ingredients are absorbed into the blood through the gastrointestinal tract and are transformed into bioactive ingredients. Cells treated with serum containing TCMs in vitro provide conditions similar to those of cells found in vivo. Therefore, serum pharmacology experiments on Chinese herbal medicines performed in vitro may produce results with reliable consistency to corresponding experiments in vivo. In the majority of associated investigations into serum pharmacology, experimental animals, including rats and rabbits, are administered with the drug through their feed, and animal serum containing the drug is used to treat cells in culture in vitro. In the present study, human serum containing the drug was used under the preconditions of medical ethics approval and provision of informed consent. Drugs may produce novel active substances or stimulate the body to produce other active substances by metabolism following absorption. Therefore, theresults of adding the drug-containing serum in vitro are similar to those observed in vivo, particularly for Chinese herbs. Following oral absorption and metabolism of the anti-HBV TCM compound, the human serum containing the drug was added to the HepG2.2.15 cell culture, to more closely resemble the real status of drug metabolism in vivo.
In the present study, the proliferation of HepG2.2.15 cells was detected using an MTT assay following treatment with a range of concentrations of mXCHD serum for 48 h. The results demonstrated that serum containing mXCHD was not toxic towards the cells, and it increased cell activity. Without drug intervention, the level of HBV in the supernatant of cell cultures increased with proliferation of the HepG2.2.15 cells. The mXCHD-containing serum inhibited the expression of HBsAg at 10 and 20%. Following intervention with mXCHD, normal growth of the HepG2.2.15 cells was maintained with no effect on cell proliferation, and the HBsAg content of HBV in the supernatant was also reduced. This indicated that HBV was effectively suppressed, which is consistent with the results expected in the clinical treatment of CHB. As drug-containing serum from HBV-infected patients was used for cell culture in the present study, the HBsAg concentration in the supernatant of the cell cultures in the mXCHD group were not only from the HepG2.2.15 cells, but also the human drug-containing serum of the patients with CHB. There was no HBV or HBsAg in the sera of healthy volunteers, and their sera was used in one of the cell groups as a healthy control group. The effect of mXCHD on HBsAg was analyzed by comparing the changes in the level of HBsAg prior to and following treatment with 10 and 20% mXCHD-containing serum.
The JAK2/STAT3 signaling pathway transmits information from extracellular chemical signals to the nucleus, resulting in DNA transcription and the expression of genes involved in immunity, proliferation, inflammation, apoptosis and oncogenesis. The protein expression levels of several members of this pathway can be observed in liver tissues. These proteins are also involved in the wound-healing process in the liver. The liver has a regenerative function, in which the proliferative and regenerative function of hepatocytes promote repair of the injured liver. It has been shown that STAT3 is closely associated with the liver. With further investigations, the importance of STAT3 in the protection of the liver is likely to be gradually elucidated. STAT3 has notable anti-apoptotic and mitogenic abilities, and it can upregulate the expression of several genes associated with cell survival and proliferation. When liver cells are damaged, the expression of STAT3 increases following acute stress, the binding force to DNA strengthens, and the expression of Cyclin D1 is activated directly or indirectly. Cell mitosis then accelerates and stimulates liver cell proliferation (29) (30) (31) (32) (33) (34) (35) (36) .
In the present study, the mRNA and protein expression levels of STAT3 in cells were significantly upregulated by culture in serum containing mXCHD, whereas those of JAK2 were unaffected. It was hypothesized that mXCHD can promote the upregulation of STAT3, and the latter is involved in the wound-healing process in the liver. The promotion of the proliferation and regeneration of hepatocytes through the JAK2/STAT3 signaling pathway may be one of the important mechanisms underlying the effect of mXCHD against CHB. The JAK2/STAT3 signaling pathway, particularly STAT3, has a regulatory role in protection of the liver, which merits further investigation.
In conclusion, the present study demonstrated that mXCHD not only inhibited HBV, but also stimulated hepatocyte proliferation by upregulating the expression of STAT3. In the present study, the two detection time points of 48 and 144 h post-drug intervention were used. Due to limited funding, the extent of the experiments was limited. Therefore, further discussions and investigations are required, with the inclusion ofadditional time points for detection. The data obtained improves understanding of the effects and mechanisms of mXCHD in the treatment of CHB. However, which of the components of this herbal medicine contribute to these effects remains to be elucidated. Therefore, further investigations of the individual components of mXCHD are required in the future.
